or reconstruction, such as treatment of burns or head/neck cancer. The tracheostomy can be performed as an open surgical procedure, or percutaneously, which is commonly performed at the bedside. Studies cite the percutaneous method as being more cost-effective and associated with fewer complications. 1Y3 Several benefits of a tracheostomy for patients who have been intubated with an endotracheal tube have been described. Patient comfort is improved by having the endotracheal tube removed, 4 and patients who are more comfortable may require less sedation and analgesia, experience less anxiety and fear, and have improved well-being. 5 Other potential benefits include enhanced communication through the use of devices that facilitate speech, oral nutritional intake if swallowing is adequate, and better patient mobility, all of which may allow for earlier transfer to a lower level of care. 6 Current research focuses on timing of the tracheostomy and patient outcomes; however, the best timing for the procedure remains in question. General consensus is that the tracheostomy improves the ability to wean the patient from mechanical ventilation 7 and provides a more secure airway. 6 Timing (early vs late) varies widely with ''early'' procedures ranging from 2 to 10 days (or longer) and ''late'' ranging from 7 to 10 days (or longer). Durbin 8, 9 proposes that the procedure be done as soon as the need for prolonged airway access is identified, usually within 7 days of intubation. However, because the majority of studies lack rigor, Freeman and Morris 10 recommend that tracheostomy be deferred for at least 2 weeks to ensure the need for long-term ventilator support, unless a clear indication for need exists. A Cochrane review makes no recommendations for timing based on numerous clinical and methodological issues in published trials. 11 It is often easier to wean patients from mechanical ventilation after a tracheostomy. It is hypothesized that weaning is facilitated secondary to decreased airway resistance and reduced dead space. However, findings are derived from laboratory and short-term physiological studies. 12 In contrast, Joseph and colleagues 13 found that only 2 of 24 subjects (8%) had improved physiological parameters within 24 hours of the tracheostomy.
Knowledge of the clinical population allows the clinical nurse specialist (CNS) to identify actual and potential issues and identify opportunities for developing quality improvement and research projects. Much information can be mined from the electronic medical record (EMR) and various hospital databases. Therefore, the primary objective of this study was to describe the characteristics and outcomes of adult patients who undergo a percutaneous tracheostomy while hospitalized in a tertiary care center with a level I trauma center. Secondary objectives were to compare outcomes based on timing of the procedure and to compare physiological characteristics and airway management practices before and after the procedure.
METHODS Design
The study was conducted with a retrospective, descriptive, comparative design.
Sample and Setting
The sample consisted of critically ill, adult patients, 18 years or older, who underwent a tracheostomy procedure for airway management or failure to wean from mechanical ventilation between July 1, 2010, and June 30, 2011. Exclusion criteria were age younger than 18 years, emergent tracheostomy for primary airway management, or tracheostomy performed as treatment for head and neck cancer. The setting was a tertiary care hospital with a level I trauma center in the Southeastern United States.
Human Subjects
The study was approved by the institutional review boards of the University of Central Florida and the clinical facility. A waiver of informed consent was approved. Subjects were identified by medical record and account numbers using procedure codes for tracheostomy. Data were deidentified for analysis.
Procedures
Demographic data, including diagnoses, acuity, hospital and critical care disposition, and charges per case, were extracted from administrative and financial databases. Charges included both direct and indirect costs per case. Physiological data, ventilator management, and nursing interventions were extracted from the EMR (Eclypsis Sunrise Acute Care; Allscripts, Chicago, Illinois). Rules were applied to identify and eliminate coding and documentation entry errors. Data (as available) were collected for a 7-day period: 3 days prior to tracheostomy, day of tracheostomy, and 3 days postprocedure. All data were retrieved in Excel format and exported to IBM SPSS version 20 for statistical analysis. An a priori significance level of 0.05 was set for statistical analyses.
RESULTS
The initial query included 418 subjects; 95 subjects were excluded: age younger than 18 years (n = 2), emergent tracheostomy (n = 13), and tracheostomy for head and neck cancer treatment (n = 80). The final sample included 323 subjects, and all underwent a percutaneous tracheostomy procedure (Figure) .
Subject Characteristics
Demographic data are summarized in Tables 1 (frequencies) and 2 (mean/median data). The majority of subjects were male (62.8%) and white (57.9%) and had a discharge diagnosis of respiratory failure (89.8%); nearly half (45.8%) had sustained a traumatic injury. The mean age was 57.4 (SD, 18.7) years. The tracheostomy was performed a mean of 9.1 (SD, 5.6) days from intubation. Patient acuity was high; the mean Simplified Acute Physiology Score (SAPS) II score was 45.0 (SD, 14.3) and Acute Physiology, Age, Chronic Health Evaluation II was 23.8 (SD, 6.8), which are associated with a high predicted mortality. Extubation had been attempted in 9.6% of subjects, who subsequently required reintubation prior to the tracheostomy. Subjects were stable at the time of the procedure, with the majority (91.2%) defined as low risk (fraction of inspired oxygen [FIO 2 ] G0.50 and/or positive endexpiratory pressure [PEEP] of G10 cm H 2 O). 3 All of the subjects were coded by Medicare Severity Diagnosis-Related Groups (MS-DRG) 003 or 004, which include tracheostomy with mechanical ventilation for 96 hours or more.
Only 8 subjects (2.6%) experienced a complication from the percutaneous procedure. Complications included bleeding (n = 3), loss of airway (n = 2), desaturation (n = 1), and paratracheal insertion (n = 2). In addition to the tracheostomy, a percutaneous or open surgical gastrostomy was performed in 49.2% of subjects during the course of hospitalization. Table 2 includes both median and mean values related to timing of tracheostomy and length of stay (LOS) data. However, because data varied widely, median results are described. The median time from intubation to tracheostomy was 8.0 days (interquartile range [IQR], 5.0Y11.6 days); intensive care unit (ICU) LOS, 14.1 days (IQR, 10.1Y20.8 days); hospital LOS, 26.5 days (IQR, 18.3Y39.9 days); and duration of mechanical ventilation, 16.0 days (IQR, 11.0Y25.0 days). Subjects were discharged 15 days (IQR, 9Y28 days) after the procedure. No differences (P 9 .05) were noted between MS-DRGs for ICU LOS, hospital LOS, or ventilator days. The majority of subjects (86.3%) were weaned following 
Lengths of Stay and Ventilator Days

ICU Disposition
The majority of subjects (93.5%) were transferred from the ICU to a lower level of care. The others died in the ICU (5.6%) or were referred to hospice (0.9%) directly from the ICU. The majority (69.3%) were transferred to a step-down or intermediate care unit within the hospital system prior to discharge. Subjects were transferred from the ICU a median of 5 days after the tracheostomy.
Hospital Disposition
Nearly 10% of subjects (9.9%) died in the hospital, and 5.3% were referred to hospice services at discharge. Other discharge dispositions included long-term acute care (LTAC) facilities (32.2%), followed by rehabilitation (19.2%), skilled nursing facility (12.1%), and another hospital (12.1%). Only 7.1% of subjects were discharged directly to home, and most of these were discharged with home healthcare services.
Comparative Data Based on Timing of Tracheostomy Because timing of tracheostomy is controversial, we stratified the sample by timing of tracheostomy for additional comparisons. Per the recent Cochrane review, 11 we considered those who underwent the procedure within 10 days of intubation as ''early'' tracheostomy, and those done more than 10 days after intubation as ''late'' procedures. Outcome data for this comparison are described in Table 3 . Those who underwent early tracheostomy had significantly fewer ventilator days, ICU LOS, hospital LOS, and costs for care. These individuals also had significantly lower acuity scores and predicted mortality.
Patient Management and Physiological Responses
Missing data secondary to weaning, transfer off of the unit, and other factors made analysis of physiological data difficult. Therefore, for purposes of this report, ventilator settings, physiological data, and nursing interventions were compared only between the day before and the day after the tracheostomy. Data are summarized in Table 4 .
Ventilator Settings and Physiological Parameters
Using a paired-sample t test, no differences were noted in the percentage of oxygen delivery before and after the tracheostomy (P = .77). However, the ventilator respiratory rate, PEEP, and pressure support settings were significantly lower after the tracheostomy (P e .01). Oxygen saturation remained stable at 97% before and after the tracheostomy (P = .94). After the tracheostomy, heart rate, respiratory rate, Glasgow Coma Scale score, and Riker Sedation Agitation Scale were significantly higher (P G .001). End-tidal CO 2 and mean and peak airway pressures were significantly lower (P = .03 to P G .001).
Nursing Care
Tracheal suctioning was documented approximately 4 times each day before and after the tracheostomy (P = .25). The total number of oral care interventions was significantly lower after the tracheostomy, decreasing from 9.47 interventions per day to 6.17 (P G .001). 
DISCUSSION Characteristics
Study results characterize a critically ill population where a percutaneous tracheostomy procedure is the standard of care for those with prolonged ventilation who are physiologically stable. Complications associated with the procedures were low, and the procedure facilitated transfer of patients to a lower level of care. When we ran our query to identify patients, we used a generic code to identify those with a tracheostomy. We were surprised to find that all who met the inclusion criteria had a percutaneous procedure. In 1 year at the study facility, 363 percutaneous procedures were done with a low complication rate. This volume of procedures is higher than that reported by others. For example, Mirski et al 14 The number of percutaneous procedures is increasing nationwide, and our volume of procedures may merely reflect adoption of a percutaneous procedure as the standard of care.
The complication rate was higher than the 1.4% reported by Kornblith et al 3 on a sample of 1000 subjects, but lower than rates of 4.9% to 9.6% reported in other studies of percutaneous procedures. 14, 15 Similar to Kornblith et al, 3 percutaneous procedures at the study site are performed by an experienced team of surgical intensivists, surgical residents/fellows, and respiratory care practitioners, which may account for the low complication rate. In addition, nearly all subjects (91.2%) were on stable ventilator settings at the time of the procedure.
The demographic characteristics of the sample are similar to that in many recent reports of studies done in the United States and Australia. The mean age in this study was 57.4 years as compared with 46.0 to 58.9 years in other studies. 3, 14, 16 Nearly half of the subjects in our study had a trauma diagnosis. The percentage of subjects with a trauma diagnosis reported in these studies ranged from 13.7% to 70%. 3, 14 Per protocol, weaning was attempted prior to performing the tracheostomy, and 9.6% of the subjects had been extubated but required reintubation. This is similar to the failed extubation rate of 12.5% reported by Ho and colleagues. 16 Penuelas et al 17 identified a similar trend for a higher rate of reintubation and tracheostomy in those who demonstrated prolonged weaning.
Most nurses believe that a percutaneous gastrostomy tube is placed concurrently with the tracheostomy procedure, commonly referred to as ''trach and PEG.'' However, we found that only half of the subjects underwent both procedures. This finding demonstrates that many patients are capable of undergoing trials of oral nutrition therapy before undergoing a second invasive procedure.
Time to Tracheostomy and LOS
The mean and median times to tracheostomy are aligned with published reports. For example, the mean in this study was 9.1 days as compared with 8.9 days in a large cohort study. 3 Many studies report that earlier procedures are associated with shorter lengths of stay and duration of mechanical ventilation. 4,18Y22 We found similar findings when stratifying subjects by early or late procedures. However, a reason for these findings may be differences in acuity and severity of respiratory failure. Those in the late procedure group had significantly higher severity of illness scores and developed refractory respiratory failure, requiring high levels of FIO 2 and PEEP, or even oscillatory ventilation. For nearly all subjects in this study (91.2%), the procedure was done when ventilator settings were minimal (FIO 2 G0.50 and PEEP G10 cm H 2 O). Therefore, those in the late group were likely not considered stable enough for the procedure until later in the course of their treatment. This factor has not been addressed and needs to be studied prospectively.
Charges
Hospital charges for all subjects were high, with a median of $91 000. High resource utilization for those requiring prolonged mechanical ventilation and tracheostomy has been reported in the literature. 23, 24 Costs were also congruent with MS-DRG classification. Higher costs were associated with late tracheostomy secondary to prolonged mechanical ventilation.
Mortality and Hospital Disposition
The mortality rate of 9.9% was lower than that reported in recent studies, ranging from 11% to 27.4%. 3, 14, 16, 24, 25 The low mortality rate may be attributed to an intensivist model of care delivery for all critically ill patients at the study facility, especially because the SAPS and Acute Physiology, Age, Chronic Health Evaluation scores indicate a high severity of illness and associated increased mortality risk. The same intensivist groups manage the care for these patients after transfer from the ICU, to step-down and intermediate care units.
Although the mortality rate was low, the percentage of patients who were discharged from the hospital to the home was only 7.1%. An additional 19.2% were transferred to rehabilitation facilities. The majority of subjects were transferred to another facility at a lower level of care, such as a LTAC or skilled nursing facility. Unroe and colleagues 24 followed a group of patients for 1 year after prolonged ventilation (with and without tracheostomy). Their findings related to hospital disposition were similar; however, they reported a 16% discharge rate to home. The median SAPS score in their sample was lower than that in our study (19 vs 44) , which may account for the difference in findings.
Some may value performing a tracheostomy as increasing throughput in the critical care unit, especially when demands for services are high. 26 However, studies of longterm quality of life in this population are limited. Unroe and colleagues 24 reported that 1 year after prolonged mechanical ventilation treatment, only 9% of subjects reported a good outcome. Gilony and colleagues 27 reported decreased well-being after a tracheostomy in subjects without a cancer diagnosis. Factors that promote discharge to the home or rehabilitation need be identified, and interventions to promote better outcomes need to be implemented. Ongoing aggressive weaning efforts to prevent the need for a tracheostomy may also be an important intervention.
Patient Management and Physiological Responses
Tracheostomy is purported to facilitate weaning and transition to a lower level of care. We found that ventilator settings of respiratory rate, PEEP, and pressure support to be reduced within 1 day after the tracheostomy. Physiological changes included increased heart and respiratory rates and may indicate an increased physiological work associated with the reduction in ventilator settings and increased work of breathing associated with spontaneous breathing efforts. Changes in airway pressure are in contrast to those of Joseph and colleagues, 13 who saw improvement in only 8% of subjects. Their study was prospective and incorporated sophisticated physiological monitoring for data collection. In contrast, our data were retrieved from the medical record. Higher Glasgow Coma Scale and Sedation Agitation Scale scores likely indicate a reduction in sedation medications (although we did not obtain sedation medication data). The changes were small and statistically significant but may not be clinically significant except to demonstrate improvement following the tracheostomy.
A significant decrease in the number of oral care interventions was noted after the tracheostomy. Use of oral care kits and regular swabbing is a standard of care for the intubated patient; however, oral care may be deemed less important after the tracheostomy. Further studies related to types of oral care and other prevention interventions applicable to a patient with a tracheostomy are needed. For example, oral care was not included in the interventions described by Eid and colleagues. 28 
Limitations
This study was retrospective in nature and was dependent on availability of complete data from the medical record and hospital databases. A prospective study would yield additional data regarding decisions to perform the tracheostomy.
Implications for Practice and Research
This study demonstrated that percutaneous tracheostomy is safe when done by an experienced intensivist-led team on patients whose oxygenation and PEEP settings have been decreased. Although we found that those who had the procedure after 10 or more days had prolonged lengths of stay, ventilator days, and costs for care, we attribute this to the severity of respiratory failure and instability of the patients. This finding needs to be explored in a prospective study. And as others note, well-controlled clinical trials of early versus late tracheostomy procedures are needed. 10 Although data are similar to those reported in the literature, the study demonstrates that the CNS can obtain populationspecific data to benchmark findings with that reported in the literature. Collaboration with personnel from the clinical informatics department assists the CNS in obtaining data from the EMR to answer clinical and research questions.
We believe the most significant finding was the low number of patients who were discharged to home or rehabilitation. Although tracheostomy may increase patient throughput, the decision to perform the procedure should not be taken lightly. It is noted that tracheostomy may represent a burden after ICU discharge. 29 Aggressive efforts to wean the patient rather than performing a tracheostomy are needed. The CNS can lead the team efforts in this area to implement evidence-based practices for weaning. Collaboration with both intensivists and respiratory care practitioners is essential. In addition, involving physical therapists, occupational therapists, and speech language pathologists may also assist in identifying interventions, such as early mobility protocols, to promote discharge to the home or rehabilitation centers versus LTACs and skilled nursing facilities. Interventions may also include early involvement of family members in patient care and strategies to promote patient self-care.
The CNS also has a unique opportunity to provide the team with evidence-based data for how to successfully wean the patient as early as the patient's condition permits. The CNS can participate in daily rounds to assist in patient assessment and ensure that nurses are implementing recommendations to facilitate earlier weaning from mechanical ventilation. The CNS can also collaborate with staff nurses and respiratory care personnel to ensure that a daily interruption of sedation and spontaneous breathing trial are coordinated to provide data on the patient's ability to wean from mechanical ventilation.
In the event that the patient's clinical condition does not result in a successful weaning attempt, the CNS can assist in facilitating the team's decision to proceed with performing the tracheostomy before the patient's condition deteriorates and increases risks associated with the procedure. Once the patient's PEEP level exceeds 10 cm H 2 O, most physicians are hesitant to proceed with the procedure. 6 The CNS's presence at multidisciplinary rounds can assist in presenting the data and initiating the tracheostomy versus weaning dialogue early in the patient's clinical course.
The CNS must also be a contributing member of multidisciplinary critical care team meetings. The CNS can provide leadership in implementing weaning protocols and assist in developing policies and procedures related to both weaning from mechanical ventilation and bedside tracheostomy procedures. The CNS can also take an active role in conducting clinical research related to reducing the number of tracheostomies in collaboration with team members.
Because clinical trial data related to timing of tracheostomy are weak, we support the recommendation of waiting at least 2 weeks prior to determining the need for a procedure. 10 Additional longitudinal studies of patients who require a tracheostomy are needed to identify resource utilization and quality of life issues. 24 Such data may inform nursing interventions that can be incorporated into the ICU and hospital setting.
Lastly, an additional 80 subjects were excluded from this analysis as they underwent the tracheostomy for head and neck cancer treatment. Opportunities to analyze data for this patient population and develop strategies for patient care management also exist.
CONCLUSIONS
Percutaneous tracheostomy procedures can be safely done at the bedside and promote transition of care from the ICU to a lower level of care. However, need for the procedure is associated with high resource utilization beyond the ICU and hospitalization. The CNS must be a leader with the healthcare team to identify interventions to improve outcomes.
